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typmahv uioui and arc connected m a preamphiier that ;>;;\^ < - U.c signals detected by the 
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recorder os computer monitor. 

■ Transcranial magnetic u ; m (TMS) is a technique tor stsmaiatmg h human brain 

U im N v , , ^ ^< l( , » ( v 4 t 

skull \ thorn the o i Put. ers. ^ s , <. \ < t $ s < Tc ^d of 

wire on the sculp and passing a powerful and rapidly changing current through it. This produces 
! v . , % s > ' { m x n h h j< 

> m i r ~eld s mei 1 ; , n m x 

of turns of wire in the cod. Has magnetic mod. ;n nun, induces a much •weaker electrical current 
m the brain. The strength or the seduced enrrent is a hmciion of the rate of change of the- magnetic 

I ' hi n I S * 5 , S > 5 s ^ i ^ t t 

current to depolarme neurons in the hears, the current paused tins -ugh the Oenuiatmg eod suns! start 
and atop < reverse hs direction within a few hundred microseconds. 

fhlSn cuTcnh\ u-sxw" \e , o *vi u \ >n > a a kv n\ - e . ; J. \; 
N ' < \ s i i 5 I to s i { v iU 

rTMS, refers to the \s <\ of a train of ? m delivered over a particular time period. An 
> x IS eo v { a ) si xrtkion rate that 
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!i osdcr tr. no the i and chkaey of a sjS i; U H <. it would he * <. 
i * n f ' a , t s 1 ; u during u V\ > si u bo v s n> i»\> a, a rvesenE 1 * i 1 < . 
TMS pj i .ts * \< \ > s. iv a vis* ; o -w aril i ha <. ssun l\ ^ \ , ins 
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i n s d io ,n r dse EEG are typically , close proxiohty to the MS coil the magnetic 

i H >! Si ) I 0 i i >, £ v 

10 vuuaL Kpv onr'M used. • EBG systems lake a relatively long s n„ to recover alter 
I eesy eu.us ae I r> . \i\ \ she 

One carrentiy available EEG syrens has gressigSi tiers 1 recover, i.e., return to i ro< 
|\ r k it , i at' n ! - v o Ts attar she I Ms puK h ended s hi* >w s. < > ( > { tn n s. 
n a typical TMS guise -rain, * a Erne interval between pulses sa approxsnneeiy 100 milliseconds, 
f n. i •> k * ! t > t s < K 5 s g k 
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. 0 )> »e ut to K y < Ms n< ! ' ^ k * , > 

thai use a .un.p^-.m4-iuAi cneusi so pin ti <; amphtku \ s co ss? in? ie e! taring the | MS pulse 
The <■!. ei ;;a s .no said to recover vEduu 100 microseconds tater ihe end of the TMS pmsc 
Although this system appears to allow i isii \ of the BEG within a shoo tone alter Use end of 
r\t\ v sv njirL> , >m » Uvn - n- »si v«,t , s i «. - t\ wosyeh < * a '1 
d I si ' ?h v M\ %sti n \» i ; > t i o is 
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An addihoriai conrpisea'doit U<at occurs wher; a patiesit's EE(.i is nifaiEored durhig 'EMS 
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by ihe TMS pulse or pulses in the. strata] electrodes cau cause beahxee heatosg Usat ? result = 
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In broad terms, otto aspect of the present invention provides: a method and apparatus for 
to.rsho t 3 satien EE< duris MS j.t does not rcqusrs < so 
oosniuuioi Ik 1\G< Ec i\i 1 1 1 s« ^\ > > 
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includmg a transcranial » xf <. stimaiaimr; (TMS) device and an ,L (BEG) 
m ! < - - system. The system also includes a control system, v > o between the EEG system 
and the TMS device, thai responds to signals provided by the EEC system and controls the IMS 
A vki v x o >i ac m * < w -a m>- s. n,^ \ K Mv'in. uE) a 

oi ip tatior .iif P < ; -.Worn 

n >.m oinn i < v, o.x ' . nan < m n > iso. 

kk< i < >< S h 1 i » s. ; * , \|N ] W \,« l 

burning a patient as scalp is pro vided. The electrode system includes an electrically conductive 
plastic electrode, a wire molded into a surface of the conductive plastic eSeetrede, ami a coaling of 
, f a t u v dom-emd < the m > c e* ok plasoc mo I 

In the drawings, which are incorporated herem by reference and in which like elements have 
\ s w,. 1 - ie £ i w . uoerta 

1U> \ \ <■ s^s n 

i iQ 2 K is j b o< duap i xp be r m 111 wsk lluatrak 

in FIG. 1; 

t> P j u m s * i S <! i i 

illustrated tn FIG. 2A; 

FIG. 2G is a mere detailed schematic diagram oiwtvmiher ctnbodnnent o.i Eke amplifier 
illustrated in FIG. 2A; 

' 1 K r m .iCs h t j t 

invention; and 

FEE 3 IE is a cvossmectionai view' at due electrode system siEsfrated in FIG. 3.A. 
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systen id coupled between U system 2 1 and TMS system 2? Is will be explained < 
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^ s t <> manner. Electrodes 14aG4n are s to sense brain activity to provide an EEG. The 

v0s OslfNO U<tA h 1! , ! V S PP S Vs s t vv „ v^p^c is 

' f •> v i v i ,,.vi * an x 

on * patsenf s scab * accordance with the international 10PO system, s one embodiment oid'he 
•nvemsorg pis. e - j e 18 has P channels and 1 8 electrodes am used, However., one ski; led in Uxt 
art o I ^m p:.$ ajnpii.de: \ e:.ei « p;msucd oP; addhssss v and PduuaP 

electrodes can be provided. Pmamphber 1 8 is constructed ? arranged to be small arp lightweight 

>d x> ■< 1 i v 1 1 ! * ' < . ^ ^ s v <> s 

si's preamplifier P is constructed so dan it is small ami provides a relatively high gam 

v V *>' ^ ' < ! 1 , S '.Si' 

Ihmuupfliier 18 may use surface mount components. As wdi be explained ra detail hereinafter, the 
use of this type nn ik i > makes pte n -> m 1 8 less susceptible to inapnetieaiiy ■ 
kH\ o .i v * P 

1 * s u u' > v nU > E Hi*, t.fi ou " EEG 

control unit 22 has spampnate processing circuitry to?' processing the ssarui received ori conductor 

Mo n of C an v ( c kio< ^ V -< if f - m 

also be provided to provide a paper record of the v j i„ > s 

A ira.oscraihai magnetic stnnuiaimii system, f 7 is aise pnwPeo in the system 'IMS system 
is ! n 1 \ > Pa mm . ' > o \ en !<\uos 1 \ n nt "* 

< o vk a aouil hit i f < ' ) m ! o\ , < H x M.ueOu If 

>.m b sm s 1 k < ' * so 1 > >P 

generate a senes of magnetic pniaea. Typically, cod 28 is held in eiose proximity to the patient's 
head a a regPn ohesa umanew » , $ o . , > no 

Ut i ! i v \s \ ! K 

expiaiivee ;n mere detail hereinafter, control system 32 receives the EEG signals provided by EEG 
system „ on conductor 34 and tises those signals, either automatics; >y or under control of an 
m < < 1 x s \"& 

! \ o a., P ,u A s m . mi s m- ^ n> ^ * mi 

n it storage device 44 connected there Display 4 ea I rexamp a cat.h.od t 
tlotpa^i I s ' , N l m'vsm u'" \ s \ i - i 
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coring progtanx to he ^axi!^:: b> .empnte; M and UC tn.orueuxts ;x^ sdcd b\ hh < > system 
23 is weB as IMS information provide* MS ysiem27 

The overall function of control system 32 s to ntonhor ihe - , signals provided on cable 
34 aaJ to cmuxol 'VMS system M m , ' ew Hgsx < 

Comtol system 32 provides, in one x uto m a safety shutdown < <> Ox problem 
t ' '! occur with IMS, parueahxiy repetitive MviS, is thai - he aiagaedc pusses can cause seizure 

KS'tl li I f t s » <. { n v t - ^ V. V. W X t - 

<. > e a '! , , I « -x r s mo 1 ) tl 

Hon^ muuo, - w e t .i io (MSnsm M .KuWfoi w.notoi, ^a'joH 
1 t X s it v i ^ ! 1 i eVX< 5 s . ,U i i { v. dV aeJ m io.ui' Io 

ik ^k < S | , i x.! S <- C i t t 

detects changes in ihe EEC morphology exhibiting a ! or tl oaset of a. seizure discharge, 

tl ! U 3 s S tt H * \ > l + I Mn J 

h 0,"n' MvAdAvvO,0 I v ! „ i < i 3 K 3t> \ U <• 

13 . < - - A - ' 

1 < <* i i) rni ' 2 > \ ■> 

27 before a seizure results. In. another >. xxx o t io u i available computer software 

hat aOio:,!t,. ; y v k s 

m a control program rmxxng on computer 38 or in eon ranchers oath rise operator to shut off IMS 
system 27, Sacb seizure detection software is available trout, for example. Stellate, inc. 

to awaadrnxx otth -sO\, , | cs >h hs-o tro no > <. omuk s\ stem => > art be aval us 
?< , s J when she he-.in s , s u- ■■. oh. -he i s t .s xxult w foe 1 MS m coo 

be tnaxi U> reeogru/e oheo th tel t s v 1 v 1 fKP 

procedure. For example. 1 MS has been found to be useful in the treatment of schixoohrensa arid 
depression. In fix li On EEGol the para its pa t xn char&tuenst 

thaU ^ x ^ t i p x s ^ ' ' f t. , - x 

! N e x- i MS is being applied and when the p Ion ns th«s* 

wx- , too <.-. tX i 1 i n • . t »pw-vt t 1 a.' ho,- an 

% X t f i v V . < , i W 3J 

\ e 3 Us^\ MvX * c \ ! t v ^ x > ( 1 > 

tO !> vWfv S O * i t' 
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IS > d and this n f d to dets nc when the pai EEC J re&eha i i 

X t V N t -> ■> x ! N s s I 

state. 

O 5 ! ! ! 5 s v N <d < v 

COO *V <. f 1 f 1 i ! ! UK f s m , t , .1 

( i ! i k Vol ( \i 1 n s s <. t 

< a es i I V-^ j s h i ! i x i , < g > x k> a. d t \ t i <. 1 

XX! <> ,1 K < l x t 1 }( M<" i i "\ , h 

'<« v > ^< I 1 t n t > v. ^'i! '2 |! t > » i v. ' 6 ^< U MS 

control nod 26. TMS control ami 26 provides a signal on eaide 31 to robotic arm control t n 

i ! t I < > a f o ' <! \<\ ^ o ! 

head, 

? , )^ r<K\ .i k( * V di 1 „ ' < il<>iU i U! s i IKlxt of 

m d >d 18 <, xi ko in H» ' i v K >j\ ; j.. 18 i da k , number of differential amplifiers 
OiMn^.h eoik j d n« i a; s id«J for t„idi vlect kM - Ida 
su p o t I.ksxnse impIMs fit id rut 

mult <k\ t 54 selects a particular \ x channel whose signal is then sent to EEG control n t 22 
aid on to c s 

As noted previously, differential amplifiers used in conventional EEG systems saturate 

u'x v\i { h it u i j r : < v > \] f \ dh ti a 

dot differential amplifiers corresponding to channels whose electrodes are closest to the source of 
; 1 x n - e v i > < ! < < <, , 

FIG 2B illustrates one specific example of a preamplifier that does not setter uom these 
i ^ N N \ \ j Ki. 2.B did ides 

56a--56u having outputs vs 62;; coupled to a multiplexer 60, Amplifier 62 used in ) <. t < 
'oiv^ 6 - in j I a i * \cn w ^ ^ dt< ^\u,2 

^ X ! ' v. > ? i> > i ' ! 

vese c ionis are c s (-type component 

W ic O' 'x ma * > so mx fie: x n MU o i 

> m os fv t {.no o i m o i > x | ^ iu i 
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me) ot N - ne ? s. > ! m n >d h\ <s ^ 1 m m , >n U a s m i 

* ■. ■;' .fpprmmuach 2M0 m j ^ per second no • beam: dm netcd I > one s > is t i of 
iv ' v,>io i M s i I w s S M- 

ei ) n J i.\ enm? 

5 kiomtfi til x i > that is 

om. ct- directly m the electrode harness provides improved performance. 

When system j 0 illustrated in FIG, 1 is used in conjunction i preainpluier S ha not < « . 
m 1 t •> \ i , > m does sammte upon application of a T MS pulse. However. preamphfwr 
1 Sa u nm to t i i m urn ma; s i it emw t re moo f s> 7 ' nniMwwn In ■, the I V-\ , t 
SO Jw Ov OK.H v « v IMS 0, i it M! ti hud) <iu t U S>> rt u« 

1 MS pulses b on the order of 100 miihsectwds. Tims, the amplifier is able to come out o 
x i ! n a;ad return to normal eperahen in bo more than 20 nuihseconds after cessation of the 
I s s e i ^ f > , , " v , < , 

J { fO h t.^f. 

IS vOwJlH v\ v ^ oialvJlu, ' i« 1 oj }\ u\1 v <• u 'iOti < i >l> x ^ H 

Jo a. e V noted that tins advantage is achieved without tite need tor any additional synchromeathw 
hi \ i v system 

li'i s present invention, in all embodrnwans;. is advantageous because dining a TMS procedure, 
h K < re Ki ni kl.'^uu MF ml a h m- . i - wx kouim.i 

20 I uSJt i v (V i i i M I i 5 in i i < X < 5k) sot 

m m\ impld v i <. n 1 \ n m < f > 

Burr Brown, Multiplexer 78 owy he a MAX4051 available < Maxim. As with other 
embodiments of mm IK. the use of surface > technology enhances performance. 
When configured as illustrated in FIG. 2(1 preamplifier 1 8b has art input impedance of IMQ ; 

25 i n > < ^ ! o j ) < < > < < 

level of 0,7 microvolts peak to peak, hi the same uvaser as preamplifier iKue multiplexer 78 can 
be clocked to provide 200 samples per second per channel and car; provide a syncluvausaoon Signal 
dun permits identification ml rmmher 1. 

Reference mm m S It i, which figure ihustsates one embodiment of electrode 14. 

30 w me u ^ wh d t ? i e ! t n ecu t x t . ) M\ 

.k tm - \ n m s m ^ v < >^ s ' - 1 N 

p s en ^ *. mxi n » i, | > ^ v m C , to i <n ckxnodvs 1 e - Kv " ilu. 
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! n + Usc\ v.* ^ i k Sv. \ > for 

Pi i \ h S ~" i ded in tK- \kk •<iVk i n 
msuhhed elemnnfo wire < lor m npk jjkUh i sn eks.nw,k vnnO to be msencd Pm end oi 
t \ wire is stripped and os and this end \ molded into the sternal smiaee 84 in region 86 of 
<. i ' ^ ' d k K > < >. ^ i * a 

t> | i <. coal of conductive epoxy s vc >> dt % v 

ih * ! V i < s \ \ IN 

he t w en 1 < . fo\ > ; > < o ^n m i oi He, >o<c-imd 

C< i d > i hi 

fikenode system 14 thus provides die same performance as conventional rn.ctr.ii elecirodes 

> t ii \ . ! x I ii 

'ho electrode Phis em aPtow ?he pomcm mvcrmoo to aso rmnu i \k. pul^a see i- -u^ai mii-c 
uar^tnan m vO- \ n.td iMnrkKaoum? 

\ i.i!v US 

i t o i hose skilled in the art Sues 

alterations, .modifications and nnprovetnents are uHc.iui.ed to be within the spirit and scope of the 
invendom k Mm ^ in foregoing description is by way of example only and is not intended 
as limning. The invention is limited > 1 as defined in t ihifowmg damn and die equivalents 
thereto. 

What is claimed is: 
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of tnmscri I imulm comp a n 

an electroencephalogram OIEG) n system; 
signals provided by the EG aear and t 

< v. f » ! \ < !<X . v ^ , ! it i 

a- ■»|^tc f !ar 1 t\v H * . n/Io) 

2. ! > s u •> < . o , ' . > < ^ <ni ra ; <. 
i i U \,„ * 

3. "G v SN\k ^ vmIi em v vos u 1 1 

4. v >u» )i v a,ts, ^ ^ v iLe.mu 

the BEG signals and allows manual control of the 'VMS system. 

5. 1 sysaeut of ckaa E wherein the TMS system geoema-s a magnetic field and 
\G* ihm a ..({--a ^ i ^ \ ■ he 5 *ak ad \ 

6. The system of eiaim 5, wherem the oomaE system includes a programmed 



?. The system of claim 1 , wherein h * system memoes a plurality of electrodes 
that are ased to obtain Signals Bom a patient. 

8. v «. i > v. ! ^ e t J r v <. v s 4 < Tt^r i 

h aan-iide- m t > > ^.oarTemo esoeen\e deeinnk •> 
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t to norm >^ r * b n <> o< ; * \ he AAA eas« 

9. Hv-Wem->K Mv< !ai , ^ n ^ m<.\ . .pi iit.uk 
each amplifier. 

sK > J > > s , , . O ,sUt 

IK' WO 1 Hi f v. 1 UK WO K Jv 

tti> U k I J ' . of S ^ \ n 

12. An eketrode sysann for use in ebctroencephalograni deieoooo. comprising' 
1 s en nomhxcth i eka 

s v.K, av 

c( > n> oi con feedve epox iisposcd on fee inner surface of the co* s 
electrode. 

13. A method tor controlling admhuxomion of transcranial magnetic stnnoAdon to a 
padeai. Ihe method comprising fee skro of 

^rama maencne >un s \>io .\umnf. 

I . f X S S i » 1 « 

.system < iocludci; an amplifier that saturates dumm a "fffS pulse and fiat returns to Kin 
^ pes it o his I ^ < v ai ! , i'.. SAA a > < <. < 

s v ^ s b , ! < s , o at own f t 

seizure. 

14. Toe method of claim 1 A forfeer coroprisiag fee step of mooaonng ihc BEG of the 
p.amat o oi c-mmmm 5=v.- i '••>• aaoi Ac ; ; t : m fa/ -aa.oo is n, a cAmxA state 

iv. < j i f > rm ! s ! * ! i > 

>. 1 a. * > ^ „ - a \ \ s a i? os ^ a 
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